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PHASE SHIFTER, PHASE SHIFTING METHOD AND 
SKEW COMPENSATION SYSTEM FOR HIGH-SPEED PARALLEL SIGNALING 

FIELD OF THE INVENTION 
5 The present invention relates to an electronic circuit 

device that compensates (makes re-timing for) a propagation 
time difference (skew) between parallel synchronizing data and 
a clock signal inside a high-performance network apparatus and 
a computer system. 

10 BACKGROUND OF THE INVENTION 

A parallel optical link is effective in use for expanding 
the capacity of data connections inside and between the devices 
contained in a high-performance network apparatus and a computer 
system. The parallel optical link relates to the connections 

15 by a short distance data communication inside and between the 
devices , and to the communication technology that transmits 
signals, by driving in parallel optical signal transmission 
systems composed of optical signal-emitting elements , optical 
signal-receiving elements , and optical fibers. A use of the 

20 parallel optical link will achieve a large throughput data 
communication connection on a small device scale with a low 
delay . 

To synchronously communicate a large throughput of signals 
in parallel by using the parallel optical link, it is necessary 
25 to compensate the skew between both channels of parallel data 
and a clock, and to maintain the signal synchronism between 



the parallel channels. The conventional computer system 
employs mainly two techniques for the skew compensation between 
the parallel signals inside the system. One is to compensate 
a low skew (less than one clock cycle) between the clock and 
the data by using delay elements and so forth, and the other 
one is to compensate a high skew (more than one clock cycle) 
by using logic circuits called the framed synchronization. 

The invention belongs to the technique that compensates 
the low skew between the clock and the data with a high accuracy. 
The broadband orientation in the data communication accompanies 
an extraordinary acceleration of the clock speed, and in the 
year of 2002, the data communication is in the practical use 
at the clock speed of 10 gigabits per second. The invention 
is on the premise that it is applied to a large capacity 
communication using such an extraordinary high-speed clock as 
10 gigabits per second. 

The following four techniques have been disclosed so far, 
which compensate the skew between the clock and the data. The 
first one is to adjust the delay time of the data by means of 
a multistage gate circuit; the second one is to use a flip-flop 
circuit; the third one is to use a phase-locked loop circuit; 
and the fourth one is to shift the phase by means of a differential 
or integral circuit. 

The first technique using the multistage gate circuit 
is disclosed in the Japanese Patent No. 3127882. This technique 
inputs the data to the multistage gate circuit, and controls 



a selector to select the output to thereby adjust the skew between 
the clock and the data. 

The second technique using the flip-flop circuit is 
disclosed in the Japanese Patent Laid-Open No. H10-320074, and 
in the IEEE Journal of Lightwave Technology, Vol.12, page 260 
to page 270, by Astushi Takai, et al. The Japanese Patent 
Laid-Open No. H10-320074 employs the circuit system that 
controls multistage delay lines by a shift register, latches 
the data signal by two clocks with 180° phase difference, and 
outputs to select the data signal in the appropriate phase 
relation. The method that Astushi Takai, et al. reported in 
the IEEE Journal of Lightwave Technology uses a single stage 
flip-flop circuit, and latches the data signal by the clock 
to thereby control the phase between the data and the clock. 

The third technique using the phase-locked loop circuit 
is disclosed in the Japanese Patent Laid-Open No. H10-200401. 
This technique of adjusting the skew between the clock and the 
data by using the phase-locked loop circuit or the clock/data 
recovery circuit having the similar circuit configuration is 
generally . employed in the Ethernet (trademark) and the ATM 
communication . 

The fourth technique using the differential or integral 
circuit is disclosed in the Japanese Patent Laid-Open 
No. 2000-101554 and Japanese Patent Laid-Open No . H9-69 829 . The 
Japanese Patent Laid-Open No. 2000-101554 possesses the circuit 
configuration that judges the phase of the clock factor signal 



extracted from the base clock signal and the received data signal 
on the basis of the output from the integral circuit. The 
Japanese Patent Laid-Open NO.H9-69829 uses a lowpass filter 
on the transmitter side, transmits to restrict the frequency 
factors of the clock signal, and attains the phase shifting. 
The differential/integral circuit is called the LCR circuit 
in general, which is capable of shifting the phase analogically 
by appropriately setting the values of three lumped constant 
elements of the inductor L, capacitor C, and resistor R. 

SUMMARY OF THE INVENTION 

The invention intends to achieve the skew compensation 
method that satisfies both the enhancement of accuracy in the 
skew compensation and the miniaturization of the circuit scale, 
in the circuit that synchronizes and compensates the low skew 
(less than one clock cycle) between the clock and the data. 

In such a large-throughput communication as some 10 
gigabits per second being the objective of the invention, it 
is advantageous in view of the cost to take on the method that 
employs the high-speed data transmission circuit capable of 
handling 10 gigabits per second in parallel in order to realize 
a large-throughput parallel synchronized data transmission in 
the communication. 

In the clock speed of 10 gigabits per second, the clock 
cycle is 100 picoseconds , which is extremely short. Therefore, 
the adjustment of the skew between the clock and the data needs 



the skew compensation accuracy with as high resolution and 
adjustment accuracy as about 5 % of the clock cycle, namely, 
5 picoseconds. Further, the lowering of the device and system 
cost needs the miniaturization and the reduction of number of 
parts by circuit integration ; accordingly, it becomes necessary 
to integrate the related circuits and downsize the scale of 
them. As a concrete example, to realize the data transmission 
of 100 gigabits per second needs to use 10 channels of the data 
transmission system of 10 gigabits per second in parallel. In 
this case, the communication LSI making up the device system 
needs to integrate more than 10 channels (desirably, 100 
channels) of the data channel of 10 gigabits per second into 
one chip. Therefore, the circuit scale is preferred as small 
as possible. 

There are four conventional techniques reported as 
mentioned above, which compensate the skew between the clock 
and the data; however, they have problems in either the skew 
compensation accuracy or the circuit scale. There does not 
exist a technique that meets both the skew compensation accuracy 
of some picoseconds and the miniaturization of circuit scale 
that effects integration of the related circuits of more than. 
100 channels, which this invention requires. 

In the method using the multistage gate circuit reported 
in the Japanese patent No. 3127882, the delay per one stage of 
the amplifier/gate circuit is at least some 10 picoseconds; 
and in case of controlling the delay with the amplifier /gate 



combined in multiple stages, the accuracy is impossible of 
falling below the delay per one stage of the amplifier/gate 

(some 10 picoseconds) . Therefore, it is difficult to realize 
the skew compensation accuracy of some picoseconds that this 
invention requires . 

In the method using the flip-flop circuit reported in 
the Japanese Patent La id-Open No. HI 0-320074 and the IEEE Journal 
of Lightwave Technology , Vol . 12 , page 26 0 to page 27 0 , by Atsushi 
Takai, et al. , the time span within which the skew compensation 
can be made is extremely narrow. The flip-flop circuit does 
not permit the transition of data signals (change from 0 to 
1 or from 1 to 0) between the setup time of the clock and the 
hold time. Accordingly, the method is not substantially able 
to compensate the skew to the data signals whose transition 
timings fall in the time span of about 50 % of the clock cycle 

(totaling the setup time and the hold time, 50 picoseconds in 
the signal of 10 gigabits per second) ; and it is only able to 
compensate the skew to the remaining data signals within about 
50 picoseconds, which is very narrow. The invention assumes 
that the skew between the clock and the data takes an arbitrary 
size within one clock cycle, and the method using the flip-flop 
circuit cannot be accepted. 

The method using the phase-locked loop circuit reported 
in the Japanese Patent Laid-Open No . H10-200401 is able to 
compensate the skew between the clock and the data with a very 
high accuracy less than some picoseconds. However, the 



phase-locked loop circuit bears the circuit scale of some ten 
times compared to that of the gate delay circuit or the flip-flop 
circuit, accordingly the circuit is unsuitable to the 
application that needs. to integrate multiple pieces of it. 

The method using the analog LCR circuit reported in the 
- Japanese Patent Laid-Open No . 2000-101554 and Japanese Patent 
Laid-Open No . H9 ( 1 9 9 7 ) - 6 9 8 29 needs the inductor and capacitor 
having a large element size, and accordingly the circuit scale 
becomes large compared to that of the gate delay circuit or 
the flip-flop circuit, which is unsuitable to integration. 
Further, the variable control of the delay is essential to the 
skew adjustment, and to perform the variable control with the 
LCR elements involves the variable control of the characteristic 
values of the passive elements (LCR) . However, it is difficult 
to control the characteristic values of the passive elements 
with a high accuracy at a fast response speed. Therefore, it 
is inappropriate to use the analog LCR circuit for the skew 
control of the high-speed signals. 

The present invention has been made in view of the 
aforementioned problems of the conventional techniques. 

According to one aspect of the invention, the method of 
shifting a phase of an input signal divides the input signal 
into a first signal and a second signal , gives a phase difference 
between the first signal and the second signal, and when adding 
the first signal and the second signal to attain an output signal , 
controls the amplitudes of the first signal and the second signal 
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to thereby shift the phase of the output signal. The method 
uses the low frequency factor of the clock signal or the data 
signal as the input signal, forms a rectangular wave from the 
output signal, and thereby adjusts the phase of the clock signal 
or the data signal. 

To illustrate a concrete circuit configuration, the 
invention employs analog amplifiers in parallel, controls the 
outputs from the amplifiers, and thereby controls the phase 
of the data signal or the clock signal. The circuit passes 
the clock or the data signal through a low pass filter to eliminate 
the frequency factors higher than the carrier clock factor (for 
example, in case of a signal of 10 gigabits per second, 10 giga 
Hertz is the carrier clock factor) . 

A signal passed through the low pass filter is divided 
and the divided signals are inputted to amplifiers having 
different delays . The amplifiers themselves may have different 
delays; or, a delay circuit or a phase shifter may be inserted 
in series to the amplifier. The outputs from the amplifiers 
are added again, and the added signal passes through a limit 
amplifier and the like to be re-shaped into a rectangular wave. 
Here, it is possible to minutely analogically control the phase 
of the added and outputted signal by controlling the outputs 
from the amplifiers . 

The outputs from the amplifiers are variably controllable 
at a high speed continuously without a level, which allows the 
phase control with an accuracy of some picoseconds that the 



application of this invention requires, and which is 
sufficiently applicable to a high-speed signal circuit. 
Further, the circuit scale is remarkably small because the 
circuit configuration is possible with four small amplifiers 
at the minimum, and it is easy to integrate some 100 units of 
the circuit into an LSI . In this manner of adopting the circuit 
configuration combined with amplifiers and gates, a skew 
compensation system with a high accuracy and a downsized circuit 
scale is realized. 

These and other objects and many of the attendant 
advantages of the invention will be readily appreciated as the 
same becomes better understood by reference to the following 
detailed description when considered in connection with the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a circuit diagram illustrating the circuit 

configuration of a phase shifter based on the present invention; 

Fig. 2 is a block diagram illustrating one example of 

the data communication system that incorporates a skew 

compensation system for parallel optical link based on the 

invention; 

Fig. 3 is a block diagram illustrating another example 
of the data communication system that incorporates a skew 
compensation system for parallel optical link based on the 
invention ; 
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Fig. 4 is a waveform chart of the input clock and output 
clock of the low-pass filter inside the phase shifter based 
on the invention; 

Fig. 5 is a waveform chart of signals at each stage inside 
5 the phase shifter based on the invention; 

Fig. 6 is a waveform chart of the input signal to a limit 
amplifier inside the phase shifter based on the invention, in 
which the outputs from variable gain amplifiers are adjusted 
to three levels; 

10 Fig. 7 is a waveform chart of the output signal from the 

limit amplifier inside the phase shifter based on the invention, 

in which the outputs from the variable gain amplifiers are 

adjusted to three levels; 

Fig. 8 is a waveform chart of the output signal from the 
15 limit amplifier inside the phase shifter based on the invention, 

in which the outputs from the variable gain amplifiers are 

ad j us ted to three levels , and three trigger points are indicated ; 

Fig. 9 is a waveform chart of the output signal to the 

limit amplifier inside the phase shifter based on the invention , 
20 in which the outputs from the variable gain amplifiers are 

adjusted to three levels, and a 90° phase shifter has the error 

of + 50 % in the phase adjustment; 

Fig. 10 is a waveform chart of the output signal from 

the limit amplifier inside the phase shifter based on the 
2 5 invention , in which the outputs from the variable gain amplifiers 

are adjusted to three levels, and the 90° phase shifter has 
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the error of + 50 % in the phase adjustment, with three trigger 
points indicated; 

Fig. 11 is a circuit diagram illustrating the circuit 
configuration of a phase shifter based on the invention, in 
5 which the outputs from the variable gain amplifiers are processed 
by an adder-subtracter; 

Fig. 12 is a circuit diagram inside the adder-subtracter 
that processes the outputs from the variable gain amplifiers 
based on the invention; 
10 Fig. 13 is a waveform chart of the input signal to a limit 

amplifier inside the phase shifter illustrated in Fig. 11 and 
Fig. 12; 

Fig. 14 is a waveform chart of the output signal from 
the limit amplifier inside the phase shifter illustrated in 
15 Fig. 11 and Fig. 12; 

Fig. 15 is a waveform chart of the output signal from 
the limit amplifier inside the phase shifter illustrated in 
Fig. 11 and Fig. 12 , and four trigger points are indicated; 

Fig. 16 is a waveform chart of the input signal to the 
20 limit amplifier inside the phase shifter illustrated in Fig. 
11 and Fig. 12; 

Fig. 17 is a waveform chart of the output signal from 
the limit amplifier inside the phase shifter illustrated in 
Fig. 11 and Fig. 12 ; 
25 Fig. 18 is a circuit diagram of a phase shifter 

incorporating a fine phase arrangement system, which is a 
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replacement for the phase shifter having the fixed phase 
adjustment function illustrated in Fig. 1; and 

Fig. 19 is a circuit diagram of a phase shifter 
incorporating a fine phase arrangement system, which is a 
5 replacement for the phase shifter having the fixed phase 
adjustment function illustrated in Fig. 11. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
<Embodiment 1> 

10 The preferred embodiment will be described in detail with 

reference to the accompanying drawings. In the following 
embodiment, the descriptions will be made with concrete 
numerical values for a quick understanding, however these 
numerical values are only for examples, and naturally these 

15 values will not restrict the invention at all. Fig. 2 

illustrates a block diagram of the data communication system 
(communication with three channels. for data and one channel 
for carrier clock) that incorporates a skew compensation system 
for parallel link. Fig. 3 illustrates a block diagram of the 

20 data communication system (communication with three channels 
for data) that incorporates a skew compensation system for 
parallel link. 

Fig. 2 illustrates an example of a circuit configuration 
that compensates propagation time differences (skew) between 

25 input parallel data channels Dl , D2 , and D3 and an input clock 
channel (CLK) , and synchronizes all the phases of the four 
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channels Dl , D2 , D3 , and CLK at the input stage of an internal 
synchronizing circuit . The transmitter side transmits Dl , D2 , 
D3 , and CLK all in phase, however the characteristic dispersions 
on the propagation paths produce differences in the propagation 
5 time. As the result, the receiver side receives the clock and 
the data out of phase. Therefore, it is necessary to adjust 
the delay times between the clock and the data signals, so that 
the receiver side can receive the signals correctly. In the 
circuit shown in Fig. 2, the transmitter side transmits the 

10' special pattern (special character in 8B10B code) defined for 
the phase detection ; the receiver side detects whether to receive 
the special pattern correctly (without errors) as defined, and 
shifts the phases of the data signals at the timing position 
to be received as defined. Phase shifters 1, 2, and 3 with , 

15 shift the phases of the input data channels Dl , D2 , and D3 with 
the phase of a CLKP signal formed by re-timing and 
waveform-shaping the clock signal CLK through a phase locked 
loop, and send the results to code detectors 1, 2, and 3. The 
code detectors 1,2, and 3 receive the data signals, and detect 

20 the errors of the received data. This embodiment varies the 
phase of the clock signal into four different values in one 
clock cycle, and controls to search the phases that the code 
detectors detect the correctly defined data pattern . The phases 
of the data signals are shifted, and the timing positions to 

25 be correctly detected are decided (in this example, the data 
signals are correctly received at the timing when the varied 



position of the internal clock CLKP comes into the center position 
of the data) . The data signals with the timing position 
correctly decided get re-timing to the internal clock signal 
CLKP from the clock signal phase-shifted in the phase shifters 
1, 2, and 3 by means of FIFO 1, 2, and 3. As the result, it 
becomes possible to handle the data signals Dl , D2 , and D3 as 
the parallel signals being synchronized with the internal clock 
signal CLKP , at the input terminals of internal logical circuits . 

Fig. 3 illustrates an example of a circuit configuration 
that compensates propagation time differences (skew) between 
the input parallel data channels Dl , D2 , and D3 , and synchronizes 
all the phases of the three channels. Dl, D2 , and D3 , on the 
basis of a clock signal being divided from the D3 to be generated 
by a clock data recovery circuit CDR. The transmitter side 
transmits Dl, D2 , and D3 all in phase , however the characteristic 
dispersions on the propagation paths produce differences in 
the propagation time . As the result , the receiver side receives 
the clock and the data out of phase. Therefore, it is necessary 
to adjust the delay times between the clock and the data signals , 
so that the receiver side can receive the signals correctly. 
In the circuit, shown in Fig. 3, the transmitter side transmits 
the special pattern (special character in 8B10B code) defined 
for the phase detection; the receiver side detects whether to 
receive the special pattern correctly (without errors) as 
defined, and adjusts the phases of the data signals at the timing 
position to be received as defined. The phase shifters 1, 2, 
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and 3 shift the phases of the input data channels Dl, D2 , and 
D3 with the phase of the clock signal CLKP extracted from the 
D3 , and send the results to the code detectors 1, 2, and 3. 
The code detectors 1, 2, and 3 receive the data signals, and 
5 detect the errors of the received data. This embodiment varies 
the phase of the clock signal CLKP into four different values 
in one clock cycle, and controls to search the phases that the 
code detectors detect the correctly defined data pattern. The 
phases of the data signals are shifted, and the timing positions 

10 to be correctly detected are decided (in this example, the data 
signals are correctly received at the timing when the varied 
position of the internal clock CLKP comes into the center position 
of the data) . The data signals with the timing position 
correctly decided get re-timing to the internal clock signal 

15 CLKP from the clock signal phase-shifted in the phase shifters 
1, 2, and 3 by means of the FIFO 1, 2, and 3. As the result, 
it becomes possible to handle the data signals Dl , D2 , and D3 
as the parallel signals being synchronized with the internal 
clock signal CLKP , at the input terminals of the internal logical 

20 circuits. 

Fig. 1 illustrates the circuit configuration of the phase 
shifter used in Fig. 2 or Fig. 3. 

Fig. 4 illustrates the waveform of the input clock and 
output clock of the low-pass filter inside the phase shifter 
25 in Fig. 1. 

Fig. 5 illustrates the waveforms of signals at each stage 
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inside the phase shifter in Fig. 1. 

Fig. 6 illustrates the waveforms of the input signal to 
the limit amplifier inside the phase shifter in Fig. 1. The 
outputs from the variable gain amplifiers are adjusted to three 
5 levels. 

In the embodiment shown in Fig. 1, the analog circuit 
composed of amplifiers shifts the phase of the clock signal 
with those of the data signals. As shown in Fig. 5, this 
embodiment uses the rise and fall edges of the clock signal. 

10 This circuit shifts the phase of the based frequency factor 
(first order factor) of the clock signal by means of analog 
circuits, shapes the waveform of the clock signal into 
rectangular waveforms by means of a limit amplifier, and 
synchronizes the phase between the data and the clock. In the 

15 embodiment shown in Fig. 1, higher frequency factors of the 
input clock signal than the frequency of the base clock signal 
are eliminated by the low-pass filter, as shown in Fig. 4, (the 
base clock signal is a sine wave of 5 giga Hz) . The sine wave 
of 5 giga Hz is dividedly to two paths, and one of the divided 

20 signals is inputted directly to a variable gain amplifier A. 
The other one is 90 ° phase-shifted (equivalent to 50 picoseconds 
of delay) , and is inputted to a variable gain amplifier B. The 
outputs from the variable gain amplifiers A and B are added 
at the input of the limit amplifier, and the limit amplifier 

25 converts the input sine waves into rectangular waves. The 
output from the limit amplifier is variable depending on the 
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adjustment of the output gain from the variable gain amplifiers 
A and B. 

Fig. 6 illustrates the waveforms of the input signal to 
the limit amplifier. The amplitude of the input signal is 
5 expressed as follows. 

V = A • sin (cot) + B • sin (cot - tt/2) 
Here, A, B represent the output amplitudes of the variable gain 
amplifiers A , B ; CD the angular velocity of the based frequency; 
t the time; and V the amplitude of the signal. In Fig. 6, the 

10 notation of A = 1 , B = 0 shows that the output from the variable 
gain amplifier A is controlled to ON (the maximum output) , and 
the output from the variable gain amplifier B is controlled 
to zero (no amplification operation) . The notation of A = 1 , 
B = 1 shows that both the outputs from the variable gain amplifiers 

15 A and B are controlled to ON (the maximum output) . The notation 
of A = 0 , B = 1 shows that the output from the variable gain 
amplifier A is controlled to OFF (no amplification operation) , 
and the output from the variable gain amplifier B is controlled 
to ON (the maximum output) . Fig. 6 shows that to adjust the 

20 outputs from the two variable gain amplifiers will shift the 
output waveforms of the sine wave (also fluctuate the 
amplitudes) . 

Fig. 7 illustrates the waveforms of the output signal 
from the limit amplifier inside the phase shifter of the invention 
25 Here, the outputs from the variable gain amplifiers are adjusted 
to three levels . 



Fig. 8 illustrates the waveforms of the output signal 
from the limit amplifier inside the phase shifter of the invention . 
Here , the outputs from the variable gain amplifiers are adjusted 
to three levels, and three trigger points are indicated. 
5 Inputting the signal shown in Fig. 6, the limit amplifier 

converts the input signal into the rectangular waveforms shown 
in Fig . 7 . As shown in Fig . 7 , the clock signal of the rectangular 
waveforms is generated at the timings being dislocated at three 
phases of 0°, 45°, and 90° , according to the output adjustment 

10 values of the two variable gain amplifiers (trigger points 1, 
2, and 3, see Fig. 8) . The system of this embodiment prepares 
three trigger points within one clock cycle (from 0° to 180°) , 
selects the timing where the reception error is not created 
among the three trigger points , and thereby realizes the function 

15 for the post-stage synchronizing circuit to output. 

Fig. 9 and Fig. 10 illustrate the input and the output 
waveforms of the limit amplifier, when the phase adjustment 
accuracy of the 90-degree phase shifter has the error of + 50 % 
(when the phase setting of 90° is turned into the phase of 135°) 

20 in the phase shifting system mentioned in this embodiment 1. 
As compared with the embodiment in Fig. 6 and Fig. 7 , although 
the trigger points are dislocated, the clock signal is generated 
at the timings being dislocated at three phases of 0°, about 
67 . 5 ° , and about 135 ° . Although not having a completely uniform 

25 cycle, the phase shifting system divides one clock cycle (from 
0° to 180°) into three. In the same manner as the embodiment 
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shown in Fig. 6 and Fig. 7 , the phase shifting system accomplishes 
the function capable of observing the special character without 
errors during the three-time observations thereof as the example 
shown in Fig. 6. This result shows that the phase shifting 
5 accuracy of the 90-degree phase shifter may well be as coarse 
as about + 50 % , in order to achieve the three-time measurements 
within one clock cycle, which are not necessarily made with 
a uniform cycle. This also confirms that the tolerance of 
fabrication of the circuit constants can be relieved in the 

10 actual production of the circuit, which is very advantageous 
to the production of the high-speed circuits that are difficult 
to control with a high accuracy. 
<Embodiment 2> 

The preferred embodiment will be described in detail with 

15 reference to the accompanying drawings. In the following 
embodiment, the descriptions will be made with concrete 
numerical values for a quick understanding, however these 
numerical values are only for examples, and naturally these 
values will not restrict the invention at all. 

20 Fig. 2 illustrates an example of a circuit configuration 

that compensates propagation time differences (skew) between 
input parallel data channels Dl , D2 , and D3 and an input clock 
channel (CLK) , and synchronizes all the phases of the four 
channels Dl , D2 , D3 , and CLK at the input stage of an internal 

25 synchronizing circuit. The transmitter side transmits Dl , D2 , 
D3 , and CLK all in phase , however the characteristic dispersions 
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on the propagation paths produce differences in the propagation 
time. As the result, the receiver side receives the clock and 
the data out of phase. Therefore, it is necessary to adjust 
the delay times between the clock and the data signals, so that 
5 the receiver side can receive the signals correctly. In the 
circuit shown in Fig. 2, the transmitter side transmits the 
special pattern (special character in 8B10B code) defined for 
the phase detection ; the receiver side detects whether to receive 
the special pattern correctly (without errors) as defined, and 

10 shifts the phases of the data signals at the timing position 
to be received as defined. Phase shifters 1, 2, and 3 with , 
shift the phases of the input data channels Dl , D2 , and D3 with 
the phase of a CLKP signal formed by re-timing and 
waveform-shaping the clock signal CLK through a phase locked 

15 loop, and send the results to code detectors 1, 2, and 3. The 
code detectors 1,2, and 3 receive the data signals, and detect 
the errors of the received data. This embodiment varies the 
phase of the clock signal into four different values in one 
clock cycle, and controls to search the phases that the code 

2 0 detectors detect the correctly defined data pattern . The phases 
of the data signals are shifted, and the timing positions to 
be correctly detected are decided (in this example, the data 
signals are correctly received at the timing when the varied 
position of the internal clock CLKP comes into the center pos iti on 

25 of the data) . The data signals with the timing position 

correctly decided get re-timing to the internal clock signal 
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CLKP from the clock signal phase-shifted in the phase shifters 
l f 2, and 3 by means of FIFO 1, 2, and 3. As the result, it 
becomes possible to handle the data signals Dl , D2 , and D3 as 
the parallel signals being synchronized with the internal clock 
5 signal CLKP , at the input terminals of internal logical circuits . 

Fig. 11 illustrates the circuit configuration of a phase 
shifter based on the invention. In this embodiment, the analog 
circuit composed of amplifiers shifts the phase of the clock 
signal with those of the data signals . Higher frequency factors 

10 of the input clock signal than the frequency of the base clock 
signal are eliminated by the low-pass filter. Since this 
embodiment uses the rise and fall edges of the clock signal 
of 10 gigabits per second, the base clock signal is a sine wave 
of 5 giga Hz. The sine wave of 5 giga Hz is divided to two 

15 paths, and one of the divided signals is inputted directly to 
the variable gain amplifier A. The other, one is 90° 
phase-shifted (equivalent to 50 picoseconds of delay) , and is 
inputted to the variable gain amplifier B. The outputs from 
the variable gain amplifiers A and B experience an 

20 adder-subtracter, which are inputted to the limit amplifier, 
and the limit amplifier converts the input sine waves into 
rectangular waves. The adder-subtracter is operational, by 
switching the mode that adds the output VA of the variable gain 
amplifier A and the output VB of the variable gain amplifier 

25 B to output (VA + VB) , and the mode that subtracts the output 
VA of the variable gain amplifier A from the output VB of the 
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variable gain amplifier B to output (VB - VA) . The output from 
the limit amplifier is variable depending on the adjustment 
of the output gain from the variable gain amplifiers A and B. 
Fig. 12 illustrates the circuit configuration of the 
5 adder-subtracter. The adder-subtracter is composed of a 

differential amplifier with balanced inputs, and to switch the 
control signal to the selector will make it possible to switch 
the adding and subtracting functions . When the selector selects 
the adding function, the input terminal of the resistor R2 has 
10 0 volt applied. When the selector selects the subtracting 
function, the input terminal of the resistor R3 has 0 volt 
applied . 

Fig. 13 illustrates the waveforms of the input signal 
to the limit amplifier. Here, the outputs from the variable 

15 gain amplifiers are adjusted to four levels. The amplitude 
of the input signal is expressed as follows. 

V = A .- sin (cot) + B • sin (cot - tt/2) 
Here, A, B represent the output amplitudes of the variable gain 
amplifiers A, B; co the angular velocity of the based frequency; 

20 t the time; and V the amplitude of the signal. In Fig. 13, 
the notation of A = 1, B = 0 shows that the output from the 
variable gain amplifier A is controlled to ON (the maximum output ) , 
and the output from the variable gain amplifier B is controlled 
to zero (no amplification operation) . The notation of A = 1 , 

2 5 B = 1 shows that both the outputs from the variable gain amplifiers 
A and B are controlled to ON (the maximum output) , and both 
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the outputs from the variable gain amplifiers A and B are added. 
The notation of A = 0 , B = 1 shows that the output from the 
variable gain amplifier A is controlled to OFF (no amplification 
operation) , and the output from the variable gain amplifier 
5 B is controlled to ON (the maximum output) . The notation of 
A = -1, B = 1 shows that both the outputs from the variable 
gain amplifiers A and B are controlled to ON (the maximum output) , 
and the output of the variable gain amplifier A is subtracted 
from the output of the variable gain amplifier B. 

10 Fig. 13 shows that to adjust the outputs from the two 

variable gain amplifiers will shift the output waveforms of 
the sine wave (also fluctuate the amplitudes) . Inputting the 
signal shown in Fig. 13, the limit amplifier converts the input 
signal into the rectangular waveforms shown in Fig. 14. In 

15 Fig. 14, the outputs from the variable gain amplifiers are 
adjusted to four levels. As shown in Fig. 14, the clock signal 
of the rectangular waveforms is generated at the four timings 
being dislocated at four phases of 0°, 45°, 90°, and 135°, 
according to the output adjustment values of the two variable 

20 gain amplifiers. 

Fig. 15 illustrates the output waveforms of the limit 
amplifier inside the phase shifter in Fig. 11 and Fig. 12, in 
which four trigger points are indicated, and the outputs from 
the variable gain amplifiers are adjusted to four levels. The 

25 system of this embodiment prepares four trigger points within 
one clock cycle (from 0° to 180°), selects the timing where 



24 



the reception error is not created among the four trigger points , 
and thereby realizes the function for the post-stage 
synchronizing circuit to output. 

Further , adj ustments of the outputs from both the variable 
5 gain amplifiers A and B to the three levels of OFF, half the 
maximum output, and the maximum output, and combinations of 
these will allow still finer adjustments at 8 phases. 

Fig. 16 illustrates the waveforms of the input signal 
to the limit amplifier. Here, the outputs from the variable 
10 gain amplifiers are adjusted to 8 levels. The amplitude of 
the input signal is expressed as follows. 

V = A • sin (cot) + B • sin (cot - 7i/2) 
. Here, A, B represent the output amplitudes of the variable gain 
amplifiers A, B; co the angular velocity of the based frequency; 
15 t the time ; and V the amplitude of the signal . Now , by controlling 
the output amplitudes of the two variable gain amplifiers into 
the following 8 levels, the phase can be controlled at 8 phases 
within one clock cycle. Here, 1 signifies the maximum output, 
0.5 half the maximum output, 0 OFF output, and the positive 
20 sign indicates the adding operation of the adder-subtracter, 
the negative sign the subtracting operation thereof. 
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(6) A = -0.5, B - 1 

(7) A = -1 , B = 1 

(8) .A = -1, B = 0. 5 

Fig. 16 shows that to adjust the outputs from the two 
variable gain amplifiers will shift the output waveforms of 
the sine wave (also fluctuate the amplitudes) . Inputting the 
signal shown in Fig. 16 , the limit amplifier converts the input 
signal into the rectangular waveforms shown in Fig. 17. 
Fig. 17 shows the case in which the outputs from the variable 
gain amplifiers are adjusted to 8 levels. As shown in Fig. 
17 , the clock signal of the rectangular waveforms is generated 
at the 8 timings being dislocated at 8 phases within one clock 
cycle from 0 ° to 18 0 ° , according to the output adjustment values 
of the two variable gain amplifiers. To still more minutely 
control the output values of the variable gain amplifiers will 
allow a further accurate phase control. 
<Embodiment 3> 

This embodiment is related with the skew compensation 
system for high-speed parallel signaling mentioned in the 
embodiment 1, which adopts a circuit configuration illustrated 
in Fig. 18 as an internal circuit of the phase shifter in 
replacement for the one illustrated in Fig. 1 . The phase shifter 
illustrated in Fig. 18 incorporates a valuable phase adjustment 
system into the 90-degree phase shifter. A modification of 
the initial phase shift of 90° into that of 135°, for example, 
will realize the following operation that allows adjusting the 
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time cycles of the phase adjustment, which cannot be achieved 
in the embodiment 1 . 

Fig. 9 illustrates the waveforms of the input signal to 
the limit amplifier. The amplitude of the input signal is 
5 expressed as follows. 

V = A • sin (cot) + B • sin (cot - 37i/4) 
Here, A , B represent the output amplitudes of the variable gain 
amplifiers A , B ; co the angular velocity of the based frequency; 
t the time; and V the amplitude of the signal. In Fig. 9, the 

10 notation of A = 1, B = 0 shows that the output from the variable 
gain amplifier A is controlled to ON (the maximum output) , and 
the output from the variable gain amplifier B is controlled 
to zero (no amplification operation) . The notation of A = 1 , 
B = 1 shows that both the outputs from the variable gain amplifiers 

15 A and B are controlled to ON (the maximum output) . The notation 
of A = 0, B = 1 shows that the output from the variable gain 
amplifier A is controlled to OFF (no amplification output) , 
and the output from the variable gain amplifier B is controlled 
to ON (the maximum output) . Fig. 9 shows that to adjust the 

20 outputs from the two variable gain amplifiers will shift the 
output waveforms of the sine wave (also fluctuate the amplitudes ) 
Inputting the signal shown inFig. 9, thelimit amplifier converts 
the input signal into the rectangular waveforms shown in Fig. 
10. As shown in Fig: 10, the clock signal of the rectangular 

25 waveforms is generated at the timings being dislocated at three 
phases of 0°, 67.5°, and 135 ° , according to the output adj ustment 
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values of the two variable gain amplifiers. The system of this 
embodiment prepares three trigger points within one clock cycle 
(from 0 ° to 180°) , selects the timing where the reception error 
is not created among the three trigger points, and thereby 
5 realizes the function for the post-stage synchronizing circuit 
to output. 
<Embodiment 4> 

This embodiment is related with the skew compensation 
system. for high-speed parallel signaling mentioned in the 

10 embodiment 2 , which is illustrated in Fig. 19. The phase shifter 
illustrated in Fig. 19 incorporates a fine arrangement system 
of the phase into the 90-degree phase shift element, which makes 
it possible to adjust a dislocated phase, when the phase is 
shifted from the defined 90° due to the temperature change of 

15 the operational environments and/or the dispersions on the 
production. 

Introducing the arrangement system will permit the skew 
compensation system to handle a variable frequency. The cycle 
of the signal of 1 gigabit per second is 2 nanoseconds . Therefore , 

20 by incorporating a circuit capable of a delay time adjustment 
covering from 500 picoseconds being 1/4 of 2 nanoseconds to 
50 picoseconds into the arrangement system, this embodiment 
achieves a phase shifter that is needed to an arbitrary frequency 
from 1 gigabit per second to 10 gigabits per second in the 

2 5 embodiment 2. 

According to the invention, the skew adjustment between 
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the clock signal and the data signal required for the parallel 
synchronous transmission of high-speed signals as fast as 10 
gigabits per second can be achieved with a high accuracy of 
some picoseconds and a downsized circuit scale advantageous 
5 to the high-density integration. Thereby, it becomes possible 
to easily shift at the receiving side the phases of the parallel 
synchronizing signals composed of multiple channels of 
high-speed data of 10 gigabits per second in parallel . Further , 
by incorporating the fine arrangement system of the phase into 

10 the 90-degree phase shifter that is provided in the internal 
circuit, the phase shifter can compensate the errors from the 
90-degree phase due to the dispersions of transistor 
characteristics . And , by expanding the fine adjustment amount , 
the phase shifter become capable of handling a variable 

15- frequency. 

It is further understood by those skilled in the art that 
the foregoing description is a preferred embodiment of the 
disclosed device and that various changes and modifications 
may be made in the invention without departing from the spirit 

20 and scope thereof. 



